\ / \\/ C-C / \ H H which shows its cyclic structure. It is heavier than air (s.g. 46), is practically insoluble in water, but is very soluble in lipoids (1 c.c. olive oil dissolves 103-5 c.c. cyclopropane). It is inflammable and explosive in mixtures of air and oxygen. Precautions must therefore be taken, as with other inflammable anaesthetics, to eliminate sources of ignition, and its use witb the cautery or diathermy is contra-indicated. Cyclopropane has a characteristic smell, not unlike that of ethylene, but it is not irritating when inhaled in the concentrations necessary for producing aniesthesia. It can be compressed into cylinders without undergoing chemical change. At a pressure of 75 lb. it is liquefied, and a 100 gallon nitrous oxide cylinder will hold 62* gallons of cyclopropane.
Properties.-Cyclopropane is a powerful antesthetic, of the potency of chloroform but without its depressing effect on the circulation. In most cases it produces a definite increase in the systolic blood-pressure. Shortly after the commencement of administration the patient's systolic pressure rises ten, twenty, thirty, or more points, and the diastolic pressure follows, but not usually to such a degree. If the ancesthesia be now lightened the blood-pressure begins to fall, only to rise again Proceedintys of the Royal Society of Medicine on addition of more cyclopropane. The higher the concentration of cyclopropane, the higher the blood-pressure, almost to the stage of respiratory arrest, but in cases in which the pulse becomes intermittent through overdose, and also in patients suffering from shock, this rise is not maintained. There is definitely more capillary bleeding than with other anasthetics, which is to be expected. Waters and Schmidt in their report on cyclopropane, published in the Journ. Amer. Med. Assoc., say:-"Cyclopropane is capable of producing narcosis when inhaled in concentration as low as 4% . . . the average concentration of cyclopropane for first plane, third stage anesthesia (roving eyeball) was 7 4%, while second plane (fixed eyeball) . . . required an average of 13 * 1%, and third plane, with intercostal paralysis required an average of 23 -2%. . . . Fourth stage anEesthesia, or respiratory arrest, was produced with an average concentration of 42-9%. When produced in the presence of high oxygen concentrations, such respiratory arrest has not been found to cause harm provided ample tidal exchange is artificially mainltained'' [7] .
Cyclopropane is a respiratory depressant. It is true that deep ancesthesia, with consequent depression of the respirations, is very easily and quickly attained, and the impression may at first be formed that it affects the respiratory centre more powerfully than is actually the case, but some patients (especially those who have received full premedication) cease breathing before muscular relaxation can be obtained.
In low concentration cyclopropane is non-irritant, and laryngospasm is only caused by inhaling very high percentages of the gas. There is no increase in the depth of the respirations, and deep anaesthesia may therefore be produced without the anaesthetist being aware of it unless the greatest care and watchlfulness are maintained. There is very little, if any, increase in the pulse-rate.
ADMINISTRATION
Premedication.-Most patients received omnopon, gr. 1/30 per stone body-weight, one hour before operation. This is, as a rule, insufficient to cause marked depression of the respiratory centre. A few patients were given intravenous nembutal or evipan, either alone or following omnopon, or omnopon and scopolamine. In the latter case respiratory depression was marked, arrest generally occurring without abdominal relaxation. For the sake of economy, some form of carbon-dioxideabsorption technique is generally used. Intubation with a full size tube is recommended, so that -when necessary it is easy to continue respiration artificially by squeezing the bag. The deeper planes of anaesthesia may thus be obtained, and the patient will remain in good condition so long as this is kept up.
Complicated apparatus is not necessary; a well-fitting mask with Clausen's harness, a one-gallon rebreathing bag (containing from two to four ounces of soda lime) and two glass flow-meters, specially graduated to measure up to one litre of gas in multiples of 50 c.c. are all that is necessary.
The McKesson apparatus with cyclopropane fittings and carbon dioxide absorption outfit is efficient, but we have not found it so easy to use, nor so economical of gas, as our original simple apparatus.
At the commencement of induction the bag is filled with oxygen, the face-piece is firmly applied, and cyclopropane is then run in at the rate of 250 c.c. per minute. This is gradually increased to 500 c.c. per minute (or more, as necessary). The oxygen flow is now adjusted to about 250 c.c. per minute (quantity required by patient is quickly ascertained) and after a period which may vary from one to five minutes, cyclopropane flow is stopped completely.
Induction is remarkably quiet and excitement is seldom seen; there is no coughing or laryngeal spasm, nor are respirations increased; they are, in fact, usually Section of Ancesthetics very shallow, especially when preliminary narcotics have been used. In these cases they may even cease altogether without the supervention of true fourth-stage anwesthesia, for the patient is not completely relaxed. If full relaxation is necessary, the patient is intubated and we continue respiration artificially by squeezing the bag.
The deeper planes (with relaxation) are thus easily obtained and the patient remains fit so long as this is kept up. Once this stage has been reached, the mixture in the bag is weakened by the addition of more oxygen, and spontaneous respiration usually very soon begins, the patient afterwards remaining relaxed although the concentration of cyclopropane respired has become considerably reduced. In most cases, once the patient is anawsthetized, cyclopropane need be added only at long intervals, to make up for loss through the apparatus or to deepen antesthesia if and when necessary.
PHYSICAL SIGNS
The signs of anesthesia are exactly the same as those seen with other general aneesthetics, but the administrator who has been in the habit of depending upon the depth of respiration as an indication of the depth of anaesthesia may find himself somewhat at sea with the very shallow respiration which occurs in cyclopropane ancesthesia. In very early (first plane) anwsthesia, the eyes move. As the patient's respiratory centre becomes paralysed by the action of the gas the respiratory excursion becomes progressively less, until finally the diaphragm alone is carrying on the function of respiration. If the anaesthetic is further pushed, diaphragmatic movement becomes more and more depressed until finally complete respiratory arrest occurs. Except in those cases in which there has been heavy premedication, relaxation occurs early, and is extremely good, due, it may well be, to the full oxygenation of the muscles.
The pulse-rate is usually unaffected with cyclopropane, but occasionally in patients who are in poor condition and in cases of overdose, changes occur in the character of the pulse-sometimes an increase in the rate, but more often a slowing to between 50 and 60, accompanied by arrhythmia, which may be due merely to extrasystoles or to a true auricular fibrillation. Inflating the lungs with pure oxygen, followed by a reduction in the cyclopropane concentration, usually stops the arrhythmia.
RECOVERY
Recovery after cyclopropane anesthesia is usually fairly rapid and without excitement or other undesirable effects. Speaking generally, the time of recovery depends upon the amount of cyclopropane which the patient has had and also upon the premedication. A patient, under the lightest anaesthesia for a short time, will become conscious as rapidly as one who has had nitrous oxide and oxygen, and with no more after-effects, but after a high abdominal operation when the patient has been deeply anesthetized for an hour or more, consciousness is not regained for a considerable period.
We have not had trouble with the breathing, and the patient's colour remains good throughout the period of recovery. Nausea and vomiting are not absent; they are definitely less than with ether but more than with gas-and-oxygen, even when there has only been light anaesthesia, equivalent to that obtained with that anresthetic. On the whole, cyclopropane affects the patient's metabolism very little, and although vomiting is present in a fair proportion of cases, there is no evidence of damage to liver or kidney.
The blood-pressure, raised during the administration, usually falls to normal within about fifteen minutes and (except in the presence of surgical shock) does not appear to swing below the patient's previous normal pressure.
The table is an analysis of 250 administrations of cyclopropane by my colleagues at the Cancer Hospital and myself. A written report was made by theo ward Sister Proceedings of the Royal Society of Medicine 4 on each patient's condition following operation, and it is from these reports that the table has been comnpiled (remarks were occasionally added by ourselves). The nursing staff have no doubts as to the superiority of cyclopropane ancesthesia. The five fatal cases were as follows:-
(1) Tumour of kidney. Died twelve hours afterwards, of shock.
(2) CEsophagectomy. Died two hours after return to ward; fit until pneumothorax during operation. Cyanosed.
(3) Carcinoma of stomach and oesophagus. Died on operating table (see below). (4) Gall-bladder. Died of pulmonary embolism. (5) Carcinoma of gall-bladder. Died three days after. Bad risk. Jaundiced. Case 3 was that of a man aged 52 with neoplasm of the stomach, high up and extending into the cesophagus. There was a six months' history of pain, vomiting and rapid wasting. Weight 8' st. Hiemoglobin (after blood transfusions) 66%. Premedication, omnopon gr. -3. Induction was uneventful; the patient was intubated, and relaxation, which owing to the nature of the operation required to be full, was only obtained by artificially inflating the chest, the patient having ceased spontaneous respiration before relaxation was obtained. Oxygen was running at 3 litres per minute, and cyclopropane at 400 c.c. per minute.
The abdomen had been opened about five minutes (this was about twelve minutes from the commencement of induction), the bag was being squeezed rhythmically about twenty times a minute, when the patient became pale and the pulse stopped. The lungs were immediately inflated with pure oxygen, but all efforts at resuscitation (including heart massage and injection of adrenalin into the heart muscle) were in vain. Unfortunately we were unable to obtain a post-mortem examination of this case. It was a poor risk, and undoubtedly the heart was unable to stand up to the stress of deep anaesthesia.
SUMMARY
In spite of some disadvantages, cyclopropane is a valuable antesthetic agent, and it possesses properties which are not afforded by other anaesthetics. Its chief sphere of 'isefulness is for obtaining deep anesthesia, or for temporarily fortifying gas-and-ox-ygen. The latter is so innocuous and so free from after-effects that I see no reason to suggest that cyclopropane should replace it when light anesthesia is all that is required.
One of the disadvantages of cyclopropane is its cost, but with carbon dioxide absorption technique 2i gallons will suffice for an hour's anaesthesia [this amount at present costs 7s. 21d., but British-made gas will only cost 2s. per gallon], so that with care the cost per case should not exceed that of other anaesthetics. A real disadvantage is that of capillary bleeding. In one or two cases with high blood-pressure in which I have given cyclopropane, no ill-effects have been noted, and it is remarkable that the blood-pressure has risen only three or four points.
Induction is always pleasant for the patient with no sensations of bursting, throbbing or choking, such as are sometimes complained of with other anaesthetics. Although the odour of cyclopropane as it issues from the cylinder is not pleasant, patients are not aware of it during induction, nor do they complain of unpleasant taste or smell during the recovery period such as occurs with ether. We have never failed to obtain complete abdominal relaxation although it has often been necessary to increase respiratory exchange by artificial methods. When this is resorted to it must be born in mind that one is dealing with an extremely potent agent which is not without its effect on the heart muscle.
The fact that cyclopropane is neither a respiratory stimulant nor an irritant makes it necessary that the ancesthetist should exercise the greatest care in its administration; but in the hands of the expert we consider it to be an anresthetic of great utility and value. liver." Cadtad. Med. Assoc. Journ., 1934, 31, 500.
Discussion.-Dr. FRANKIS EVANS said that he had only used cyclopropane in about 50 cases. He had used the absorption method advocated by Dr. Rowbotham, and the circular method. He found the former adequate for cyclopropane, but not for ether, which showed that cyclopropane was a powerful respiratory depressant. He had used it for thoraeoplasties, but had given it up in chest work owing to the excessive haemorrhage caused. Overdose had caused definite cardiac arrhythmia of an alarMing type in one particular case, but the patient had soon recovered after the aneesthesia was lightened.
Complete relaxation was not always easy to obtain, although he did not push the aniesthesia as far as Dr. Rowbothani did. On examining the urine of some of the patients he found evidence of urobilin in over half of those examined. In some this was only a trace, but in one or two it was strongly positive. Acetone bodies also were present in these cases.
Nausea was definitely more prevalent than it was after nitrous oxide. Fronm personal experience of taking the gas himself he knew that consciousness was lost very rapidly, and the inhalation of the gas was not at all unpleasant, though nausea persisted for an hour afterwards.
Mr. I. W. MAGILL reported his observations (in conjunction with Mr. R. Alachray) on cyclopropane in the following 171 operations, most of which were carried out at the Brompton Hospital: Thoracoplasty 157; lobectomy 1; pneumonectomy 2; abdominal 11, total 171. There were no deaths connected with anesthesia in the above series of cases.
Diathermy limited the scope of this anesthetic in chest surgery, otherwise the figures for lobectomy would have been higher.
In the majority of cases in this series premedication had consisted of omnopon gr. -and scopolamine gr. Tf1, followed by a minimal dose of evipan to produce unconsciousness.
Arterial bleeding at the site of operation was a marked feature in the majority of cases. The difficulty of taking accurate readings by sphygmomanometer with the patient in position Proceeditnys of the Royal Society of Medicine 6 for thoracoplasty was apparent. In the few cases in which this was done, systolic pressure was appreciably raised. Muscular relaxation was much greater than with nitrous oxide and oxygen, retraction of the scapula being thus facilitated. The quiet respiration and perfect oxygenation were consistent with the ideal of respiratory rest in pulmonary disease. In this respect carbon-dioxide-absorption technique probably played a considerable part.
Recoverv was noticeably longer than with nitrous oxide and oxygen or with ethylene, but this was an advantage. However dramatic the abrupt return to consciousness following nitrous oxide and oxygen, it was not always the best thing for the patient. It had been hoped that, in view of the cyclic formula, the after-effects of cyclopropane would be, if anything, less than with nitrous oxide and oxygen. In this respect cyclopropane was disappointing. Comparison with nitrous oxide and oxygen (see the accompanying table), from which it is clear that it is definitely more nauseating than nitrous oxide and oxygen.
This disadvantage notwithstanding, cyclopropane was a godsend in the surgery of the chest. POST Dr. C. LANGToN HEWER said that in his opinion cyclopropane was unlikely to come into routine use, owing to its three disadvantages. These were: (1) The explosibility of anaesthetic mixtures of cyclopropane-oxygen, (2) the increased hiemorrhage from the raised blood-pressure and (3) the tendency to respiratory depression and even arrest when the deeper planes of antesthesia were reached. On the other hand, cyclopropane had two great virtues, namely, the extremely high percentage of oxygen compatible with full antesthesia without premedication, and the absence of irritation to the respiratory passages. These properties rendered the gas particularly suitable for two groups of operations: (1) Major thoracic surgery (except when bronchial fistula was present or when lung tissue was to be divided by the diathermic cautery), (2) bad risk cardiac cases, e.g. total thyroidectomy for congestive. heart failure.
As regards after-effects, Schmidt and Waters in America had investigated 2,200 eases anesthetized with cyclopropane-oxygen, and compared them with 2,200 similar operations performed under nitrous oxide and oxygen and ethylene-oxygen, the closed-circuit technique being used in each case. The figures for vomiting and respiratory complications were in favour of cyclopropane, but there were more circulatory complications and post-operative deaths than with the older methods.
He suggested that in order to reduce the risk of explosion, it might be worth while to experiment with the addition of an inert gas, such as nitrogen, as it was possible that a non-explosive three-gas anaesthetic mixture m-ight be evolved.
